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@ Optical record carrier. 

@ An optical record carrier having a substrate (5), 
an entrance ."face (7) and a recording layer (8) Is 
described. The entrance face is provided with an 
anti-reflection relief structure in the form of a circular 
or spiral groove. Due to this structure the energy of 
the incident radiation beam (6) is used relatively 
efficiently for writing into the recording layer. 
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The invention refates to an optical record car- 
rier for writing and/or reading information by means 
of a radiation beam, which record carrier comprises 
a transparent substrate having an entrance face for 
the radiation beam and an opposite face, and a 
recording layer arranged on said opposite face. 

Many known optical record carriers such as an 
audio disc known as the Compact Disc (CD), a data 
disc known as Compact Disc Read Only Memory 
(CD-ROM) and Laser Vision (LV) are provided with 
information by the manufacturer and can only be 
read by the user. A record carrier which is in- 
scribable in a special write/read device and reada- 
ble with the same read device as the one intended 
for reading the above-mentioned, non-inscribable 
record carriers is applicable in a great many 
places. Applications are distribution of information 
in the form of audio or digital data to a small 
number of clients, for which the manufacture of a 
normal CD or CD-ROM is too expensive. However, 
for readability, the inscribed record carrier should 
then satisfy the same standard requirements as the 
non-inscribable record carrier. This involves an ini- 
tial reflection of the recording layer of 70% or more 
and a contrast of 60%. The initial reflection is the 
reflection of a non-inscribed part of the record 
carrier, while the contrast is the difference in reflec- 
tion of the non-inscribed parts and the inscribed 
parts, divided by the initial reflection. It is found to 
be difficult to manufacture an inscribable record 
carrier which meets these requirements. This is 
particularly the case if use is to be made of materi- 
als referred to as phase-change materials for the 
recording layer. The crystalline or amorphous 
phase of these materials changes by irradiation 
with a laser beam from one into the other, resulting 
in a change of the coefficient of reflection of the 
material. When writing in a record carrier having an 
initial reflection of 70%, at most 30% of the radi- 
ation will be absorbed in the layer. The reflection is 
due to reflection on the entrance face of the record 
carrier and reflection on the recording layer. It has 
turned out to be difficult to couple the required 
amount of energy for writing into the layer when 
using present-day diode lasers as are commonly 
employed in read/write devices. 

A record carrier of the type given in the open- 
ing paragraph and providing a possible solution to 
the above problem is described in the non- 
prepublished European Patent Application .with fil- 
ing no. 92203773.4. The entrance surface of this 
record carrier is provided with an anti-reflection 
coating. The coating reduces the reflection losses 
on the entrance face. Consequently, more radiation 
reaches the recording layer and is available for 
inscribing. 

However, a drawback of the record carrier with 
such a coating is that the quality of reading and 



writing by means of a large numerical aperture 
beam is worse as compared with a record carrier 
without a coating. 

It is an object of the invention to provide a 

5 record carrier in which the amount of energy re- 
quired for writing can be deposited in the layer, 
allowing high-quality reading and writing. 

This object is achieved by a record carrier as 
described in the opening paragraph and which is 

70 characterized according to the invention in that the 
entrance face is provided with an anti-reflection 
relief structure. It has been found that the deteriora- 
tion of the quality of reading and writing of a record 
carrier having an anti-reflection coating is due to 

75 the fact that the transmission and reflection prop- 
erties of the coating depend on the angle of in- 
cidence of the radiation. The radiation near the 
edge of an incident beam with a large numerical 
aperture, which radiation impinges at a large angle 

20 of incidence, experiences a lower transmission 
through the anti-reflection coating on the entrance 
face than radiation incident along the normal of the 
entrance face. This will modify the distribution of 
the intensity over the cross-section of the beam, 

25 resulting in a reduced quality of the spot formed by 
the beam, which in turn affects the quality of read- 
ing and writing of the record carrier. It has been 
found that an anti-reflection means in the form of a 
relief structure has a much smaller angle depen- 

30 dence of the transmission and reflection than a 
coating and also provides a better anti-reflection 
effect than a one-layer coating. Such a relief struc- 
ture therefore improves the quality of reading and 
writing and increases the amount of energy avail- 

35 able for writing on the record carrier. 

In order to provide a good anti-reflection effect 
for a focused radiation beam incident along the 
normal of the entrance face, the record carrier 
according to the invention is preferably character- 

40 ized in that the anti-reflection relief structure com- 
plies with 
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where P2 is a characteristic dimension of the relief 
structure in the plane of the entrance face, X is the 
wavelength of the radiation beam and NA is the 
numerical aperture of the radiation beam. 

The transmission of the entrance face can be 
further increased if the dimension of the relief 
structure complies with 
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where n is the refractive index of the substrate. The 
characteristic dimension of the relief structure is 
the period of repetition of a feature of the relief 
such as a groove or a bunnp. If the structure has 
randonn features, the characteristic dimension is 
the average period of repetition, 

A special embodiment of the record carrier 
according to thfi; invention is characterized in that 
the depth of the anti-reflection relief structure is 
larger than the depth of a tracking relief structure in 
the recording layer. If this relation is complied with, 
an information signal will be obtained from the 
information relief during reading with a high signal- 
to-noise ratio, while at the same time the required 
anti-reflection properties are realized. 

Most optical discs are made by embossing a 
tracking relief structure in or on the substrate. The 
tracking relief structure is used to guide a radiation 
beam with which the disc is scanned along tracks 
during reading or writing of the disc. The tracking 
relief structure may comprise grooves or dykes in 
between which infor.-rsation can be recorded. Like- 
wise it may compM;:0 embossed information areas 
which constitute a structure that can be followed by 
a scanning beam. The mastering equipment for 
making the moulds used in the embossing process 
are adapted to write the tracking relief structure in 
a pattern having a certain geometry, for instance 
concentric circles or spirals for a disc-shaped 
record carrier or parallel straight lines for a rectan- 
gular record carrier. If the record carrier according 
to the invention is further characterized in that the 
anti-reflection relief structure has the same overall 
symmetry as the tracking relief structure, the same 
mastering equipment used for making the mould 
with the tracking relief structure can also be used 
for making a mould with the anti-reflection relief 
structure. This yields a considerable reduction of 
the cost of making the mould with the relief struc- 
ture for the entrance face, and hence of the record 
carriers made by means of the mould. An addi- 
tional advantage of a record carrier comprising a 
tracking relief structure and an anti-reflection relief 
structure having the same symmetry is that the 
radiation beam following the tracks always exper- 
iences an equal orientation of the anti-reflection 
relief structure. Since the characteristic dimension 
of the relief structure is smaller than the 
wavelength of the radiation beam, the anti-reflection 
effect generated by the structure depends on the 
direction of polarization of the radiation. If the ori- 
entation of the anti-reflection relief structure does 



not change for the beam travelling along a track, 
the anti-reflection effect does not change during 
said travelling. The shape of the anti-reflection re- 
lief structure can then be optimized for a high anti- 
5 reflection effect for a given polarization of the radi- 
ation beam. 

A special embodiment of the record carrier 
according to the invention is characterized in that 
the anti-reflection relief structure comprises a grat- 

10 ing, the characteristic dimension in the plane of the 
entrance face being the pitch of the grating. A 
grating structure can be made relatively easily, with 
a good uniformity throughout the record carrier. 
The grooves of the grating preferably have a 

75 triangular cross-section, giving a good anti-reflec- 
tion effect. 

The relief structure can be eminently used on a 
record carrier the recording layer of which contains 
a phase-change material. While complying with the 
20 requirements imposed on a CD, it is possible to 
inscribe such record carriers with present-day laser 
diodes. Such a record carrier can be inscribed with 
present-day laser diodes, while at the same time 
complying with the requirements of a standard CD. 
25 A high reflection of the information layer can 

be achieved when a reflection layer and an interfer- 
ence layer, in this order, are arranged between the 
substrate and the recording layer. 

It is to be noted that a relief structure for anti- 
30 reflection purposes is known from the article "Zero- 
reflectivity high spatial-frequency rectangular- 
groove dielectric surface-relief gratings" published 
in Applied Optics, Vol.25, no. 4, 15 December 1986, 
pages 4562 to 4567. However, this article does not 
35 disclose the use of the surface-relief gratings on 
optical record carriers or the advantages that can 
be achieved by such use. 

The invention will now be described in greater 
detail by way of example with reference to the 
40 accompanying drawings in which 

Figure 1 is a plan view of the recording layer on 
a disc-shaped record carrier; 
Figure 2 shows a cross-section of part of the 
record carrier taken on the line A-A; and 
45 Figure 3 shows the entrance surface of the 

record carrier. 
Figure 1 is a plan view of the recording layer 
on an optical record carrier 1 according to the 
invention. The record carrier is disc-shaped and 
50 has a centre hole 2 for receiving a spindle to rotate 
the disc. The information may be or has been laid 
down in a recording layer in the form of information 
areas which are optically distinguishable from their 
surroundings. These areas may have, for example, 
55 a different refractive index and hence a different 
reflection coefficient than their surroundings, or 
they may have the form of embossed pits. The 
information areas are arranged in tracks 3, 3', two 
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of which are indieated -in the Figure. The tracks 
may be concentric circles or they may form a 
spiral. The tracks comprise information areas in the 
form of embossed pits 4, together constituting a 
tracking relief structure. This structure includes 
headers containing information on the division of a 
track into sectors. The part of a track in between 
consecutive headers is then available for emboss- 
ing or writing user data. The radial distance be- 
tween the centre lines of the tracks, the pitch pi , is 
chosen in dependence on parameters such as the 
wavelength and the numerical aperture of the beam 
with which the record carrier is to be scanned. 

Figure 2 is a cross-section of the optical record 
carrier 1 taken on the line A-A. The record carrier 
has a substrate 5 which may be made of, for 
example, a sheet of plastic or glass. The radiation 
beam 6, generated in an optical scanning appara- 
tus as described in, for example United States 
Patent No. 3 376 842 with which the record carrier 
can be written and/or read, enters the substrate 
through an entrance face 7 of the record carrier. 
The beam is focused on the recording layer 8. In a 
preferred embodiment the recording layer is em- 
bedded in a stack 9 of layers. The stack compris- 
ing a partially reflecting layer 10, a transparent 
interference layer 11, the recording layer 8, a fur- 
ther interference layer 12 and a reflection layer 13 
is provided on the substrate and opposite the en- 
trance face. At the side of the stack the record 
carrier may be coated with a protective coating 14 
which may be made of an organic material. The 
stack improves the optical contrast of the informa- 
tion areas written into the recording layer 8 and 
increases the reflection of the record carrier as a 
whole. The recording layer is made of a phase- 
change material, allowing data to be written into 
those parts of the tracks that have no embossed 
pits. The recording properties of the phase-change 
material and the principle of the reflection enhance- 
ment of the stack have been described in the 
above-mentioned European Patent Application with 
filing no. 92203773,4. The cross-section of Figure 2 
is made through two embossed pits 16, 17 in to the 
neighbouring tracks 3, 3', respectively. In order to 
improve the tracking of the beam, a servo track in 
the form of a groove 18 may have been formed 
between neighbouring tracks; the servo track may 
also have the shape of a dyke. The record carrier 
of the embodiment shown in the Figures has been 
designed to be scanned by a scanning beam hav- 
ing a wavelength of 780 nm and an NA of 0.6. The 
depth di of the pits is 125 nm and the pitch of the 
tracks is 1 .2 um. 

The anti-reflection relief structure on the en- 
trance face 7 has the form of a grating with 
grooves having a triangular cross-section as shown 
in Figure 2. The pitch P2 of the grooves is 0.45 um 



and the depth 62 is 0.4 um for the above scanning 
beam with a wavelength of 780 nm and an NA of 
0.6. The grooves may be concentric circles, as 
shown in Figure 3, or they may form a spiral, both 
5 showing the same overall symmetry as the tracking 
structure on the recording layer. The dimensions of 
the pits 16, 17 and the grooves in the figures have 
been exaggerated in relation to the thickness of the 
substrate 5 for clearness' sake. 

10 The substrate 5 of the disc can be made of 

plastic by injection moulding. To this end a master- 
ing apparatus writes a 1.2 um pitch pattern with the 
tracking relief structure for a mould for shaping the 
side of the substrate facing the recording layer and 

75 a 0.45 um pitch pattern for the anti-reflection relief 
structure for another mould for shaping the en- 
trance face of the substrate. The substrate with 
both patterns is made in one production cycle by 
injection-moulding the substrate between the two 

20 moulds. 

Another embodiment of the record carrier ac- 
cording to the invention and complying with the 
requirements of the Compact Disc standard has the 
following parameter values: pi is 1.6 um, di is 125 

25 nm, p2 is 0,5 um and 62 is 0.5 um. This record 
carrier is designed to be scanned by a beam 
having a wavelength of 780 nm and an NA of 0.45. 
The stack 9 may have the following composition: 
18 nm Au reflection layer 10, 150 nm Ta2 05 inter- 

30 ference layer 1 1 , 20 nm GeTe recording layer 8, 
185 nm Ta2 05 interference layer 12 and 100 nm 
Au reflection layer 13, The reflection of the record 
carrier with this stack of layers complies with the 
requirements for the Compact Disc. 

35 The invention is not limited to record carriers 

having an inscribable recording layer provided with 
embossed headers as shown in Figure 1 and an 
anti-reflection grating as shown in Figures 2 and 3. 
It will be clear that the advantages of the anti- 

40 reflection relief structure will also be obtained in a 
record carrier without embossed headers and in a 
record carrier with embossed information only, i.e. 
a read-only record carrier. The recording layer may 
be made of any material suitable for read-only, 

45 write-once or rewritable operation. The relief pat- 
tern on the entrance face may have grooves with a 
cross-section of any shape, for instance sinusoidal. 
The relief pattern may have an overall symmetry 
different from the symmetry of the tracking struc- 

50 ture on the recording layer, for instance a rectangu- 
lar relief structure and a circular tracking structure. 

Claims 

55 1. An optical record carrier for writing and/or 
reading information by means of a radiation 
beam, which record carrier comprises a trans- 
parent substrate having an entrance face for 



BNSDOCIO <EP 062e958A1_L> 



« 



EP 0 628 958 A1 



the radiatiorHaeam and an opposite face, and a 
recording layer arranged on said opposite face, 
characterized in that the entrance face is pro- 
vided with an anti-reflection relief structure. 

5 

2. An optical record carrier as claimed in Claim 1, 
characterized in that the anti-reflection relief 
structure complies with 

10 

^ 1 + ' 

75 

where ps is a characteristic dimension of the 
relief structure in the plane of the entrance 
face, X is the wavelength of the radiation beam 
and NA is the numerical aperture of the radi- 
ation beam. 20 

3. An optical record carrier as claimed in Claim 1 
or 2. characterized in that the depth of the anti- 
reflection relief structure is larger than the 
depth of a tracking relief structure in the re- 25 
cording layer. 

4. An optical record carrier as claimed in Claim 1, 
2 or 3. wherein the recording layer is provided 

with a tracking relief structure, and the anti- 30 
reflection relief structure has the same overall 
symmetry as the tracking relief structure. 

5. An optical record carrier as claimed in Claim 1, 

2. 3 or 4, wherein the anti-reflection relief 35 
structure comprises a grating, the characteris- 
tic dimension in the plane of the entrance face 
being the pitch of the grating. 

6. Art optical record carrier' as claimed in Claim 5, 40 
wherein the anti-reflection grating has grooves 

with a triangular cross-section. 

7. An optical record carrier as claimed in any one 

of Claims 1 to 6, wherein the recording layer 45 
contains a phase-change material. 

8. An optical record carrier as claimed in any one 
of Claims 1 to 7, wherein a reflection layer and 

an interference layer, in this order, are ar- 50 
ranged between the substrate and the record- 
ing layer. 
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